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byabimov, G.A. — SOV/55-58-5-6/34 


On the Influence of Viscosity and Thermal Conductivity on the 
Gas Flow Behind a Strongly Curved Shock Wave (0 vliyanii vyaz- 
koati 1 teploprovodnosti na tecneniye gaza za sil'no iskriv- 
lennoy udarnoy volnoy) 


Vestnik Moskovskogo universiteta,Seriyse matematiki, mekhaniki, 
estronomli, fiziki, khimii, ‘956,Nr 5, pp 43 - 46 (USSR) 


In [ref 1] L.I. Sedov and others gave formulas for the re- 
lations of the braking temperatures and pressures in front of 
and behind a curved shock wave under consideration of vis- 
cosity and heat conduction of the gas, whereby plane and axial- 
symmetric waves were considered. The author generalizes these 
results to shock waves of arbitrary form. 

There are 2 figures, and 1 Soviet reference. 
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24 (1) 
- AUTHOR: Lyubimov, G. A. g0V/ 55-58-6-3/31 
acai 
TITLE: On the Compreasion of a Gas Cylinder by Means of Current (0 
szhatii gazovogo tsilindra tokom) 


PERIODICAL: Vestnik Moskovskogo universiteta. Seriya matematiki, mekhaniki, 
astronomii, fiziki, khimii, 1958, Nr 6, pp 13 - 17 (USSR) 


ABSTRACT: In the present paper the soluvion of the problem mentioned in 
the title is carried out. In this investigation - in contrast 
to other papers (Refs 1,2) - the shock wave which forms due to 
a@ magnetic field is taken into account. This magnetic field 
forma due to the feeding of the g:a cylinder with electric 2. 
rent. The solution is obtaine: «< wre iures sf a series, davel- 
oped according to low powers Jf€. i: %.is cornection & de- 
notes the ratio of the gas density ¢:*c.¢ and behind the shoc 
wave. For the solution first “he sys*‘> > .f equat 


ait 
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tance of the particles from the aris .f the cylinder, § Jens- 


ity, p - pressure) for the one-4i---.eicaal unsiaterbed mo vio 
Card 1/3 of an ideal gas with a constant thecmal sapacity r after the 
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introduction of the Lagrange variable m (dinep?(R)RAR Re dis- 


tance of the particles from the cylinder axig at the tine t-) 


and 9°(R) - the initial distribution of density). The akock 
9, vi 


wave is taken into account by the following conditions: 9 ares 
ry 0.*2 o 1 2, 9¥2 0 0 49 _ 
P=P,+(1-€)9, ; 1-ij=5(1-€ \2°° (2) where 94 Pyx 2, dence. 
the density, pressure and heat volume of the gas before the 
shock wave andQg, p, i the same behind the shuck wave. £* da- 
notes the velocity of propagation of the shock wave. For the 
solution of the system of equations (1) the following series 


are set up in powers of € and inserted into (1) 9 =P/Ete,terees 


P=Py tps +--+) rer +ér tecece »« Moreover, these expansions iu- 


to series (3) and rrortsErts ee was are introduced in the con- 


ditions for the shock wave (2). The series eT octlly oth: (c = 


cylinder) is set up for the motion of the external boundary of 
the cylinder and the pressure conditions are obtained (8). By 
means of the energy integral equation for the mentioned prob- 
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Lem with the mentioned conditions, equations for the determination 
ro(t) and rog(t) (9) and (11) and for r*(t) (10) may be 

obtained by an expansion into a series according to powers of &. 
Further, a comparison is made of the resul.ts with those from refer- 
ence 2. An agreement was found between the results of the compres- 
sion periods of the cylinder and also with the experimental results. 
The method described here permits also the computation of all para- 
meters of motion behind the shock wave. The numerical computations 
were carried cut by means of an elentronis digital sommiter. There 
are 1 figure and 4 Soviet references. 


ASSOCIATION: Kafedre gidromexhaniki (Chair of Hydronechenics) 
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SOV/179-59-1-32/36 
AUTHUa: Lyubimov, G. A. (Moscow) 
TITLE: Flow of Non-ideal Gas with a Great Supersonic Speed Around 
a Body (Obtekaniye tel potokom neideal'nogo gaza s bol'shimi 
sverkhzvukovymi skorostyami ) 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 


nauk, Mekhanika i mashinostroyenlye, 1959, Ne 1, pp 175-176 
(USSR) 


ABSTRACT: A method is described in Ref.1l which is applied in this 
work to the case of supersonic flow round either a rotating 


body or a flat contour with an arbitrary relationship of 
pressure and temperature. The fundamental equations and 
their solutions are based on a system of coordinates as shown 
in Fig.l. When the function of the current 4 isdenoted as: 


dp = pur” “lay - ove 2G + +) dx 


then the equation of motion of gas in the system of coordinates 
Card 1/5 
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Flow of Non-ideal Gas with a Great Supersonic Speed Around a Body 
x, ) will take the form of Eqs.(1) where u and Vv - 
components of velocity along x and y 3 ; Pa: ee 
pressure, density, entropy of gas, R - radius of the con- 
tour of flow, y - 1, 2 for a flat or rotating body res- 
pectively, ©r - distance from the axis of symmetry, &® —- 
angle between the tangent to the contour of the body and 
the direction of incoming flow. The solutions of the above 
equations in respegt to the main shock wave are based on 
kqs.(2), where Py » fy » U - parameters of gas in 


the incoming flow, i - heat content, y*(x) 
equation of the shock wave, 8 
the surface of the shock wave and t 


ing flow, e - ratio of densities in flow and behind the 


- surface 
- angle between tangent to 
he direction of inconm- 


shock wave which in the case of a curved wave becomes 4 


function x . Generally, the solution of Eq.(1) can be 
obtained when the series: 


= py t ED] teeey B= Uy + EU, trees P 
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Flow of Non-ideal Gas with a Sreat ~- Supersonic Speed Around a Body 


As an example, the problem of airflow around a cone is con- 
sidered, In this case the flow of the shock wave is taken 
as linear and e 2 const Ws 2) . The solutions of Eqs.(3) 
and the limiting conditions of Eqs.(4) will take the form 
of the expressions to the left of Fig.4, p 175. The Figs.2 
to 4 illustrate the results of the calculation when «@ = 25, 


i aice0: p,° = 0,l atm. The values of e€ and Tf, are 


determined from: 


pie 


‘ sep 0 f°) 1,,2 
a p(T P,)s i(T,, Pod- iT Py = Be 


sin-a(l + €) 


cpct, p) and i(f, p) are taken from tables in Refs.4 ando. 
The points in the figures marked with crosses denote the 
values when the characteristics of air at higher temperatures 
were considered, Fig.2 shows the relation of the density of 
the shock wave to the number IM of the incoming flow. When 
M = 20 the temperature behind the shock wave rises to 000°C, 
causing the dissociation of the air; the density of the shock 
wave increases more rapidly in comparison with that at lower 
Card 4/5 temperatures. Fig.3 gives the relation of the angle of the 
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shock wave 6 to the number M . fFig.4 gives the value of 
the coefficient of resistance as calenlated from the formula 
at the bottom of p 175 (black dots represent the values taken 
from Ref.5). All the results were calculated from the theo- 
retical formula and show a 1 to 1.5% accuracy in comparison 
with the same results obtained in the Laboratory of Physics 
of Fire in the Institute of Power, Academy of Sciences USSR, 
imeni G. M. Krzhizhanovskiy. ‘There are 4 figures and 6 
references, of which 2 are Soviet and 4 are English, 


SUBMITTED: April 7, 1958, 
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Knlikovekiy, &. G., Lyubimov, G. A. SOV/179-59-4-16/40 
(Moscow) ——" 


On the Possible Kinds of Crack With a Conductivity Jump 


Iazvestiya Akademii nauk S35R. Otdeleniye tekhnicheskikh nauk. 
Mekhanika i mashinostroyeniye, 1959, Nr 4, pp 130-131 (USSR) 


If in a flow of gas there is 42 surface with a jump-like change 
of its p..rameters, the mass-, momentum- and energy-conservation 
laws must be observed in the passing through this surface. 
Under certain assumptions made here, these laws are indicated 

in the form of formulas (1) (Ref 1). At given parameters of 

the approaching flow as well as of the electromagnetic field 

in front of the discontinuity surface, the formulas (1) 
determine the flow-~ and field parameters behind the discontinu- 
ity. It is shown that the presence of a single steady surface 
at given parameters of the approaching flow does not yet make 
it possible to solve only an unsteady problem with cracks of 
gimilar kind (e. g. the problem of the motion of a flat piston) 
The structure of the discontinuity surface with a conductivity 
jump is investigated. The procedure is similar to that described 
in the papers (Refs 2,3). The curve ABC shown in the figure is 
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obtained. It expresses the connection between the volume v 
and the magnetic field strength H. It is shown that -~ if the 
structure of the discontinuity surface is investigated at 
G= 6(T), the conductivity Sbeing qualtozero, for T-values 
smaller than a certain T - there is only one point on the 
ABC-curve which depends on T*and the initial values of the 
parameters, and from which the motion can be continued until 
o® . This points to a certain connection between H, and Ho» 


which is not a consequence of the conservation laws, formula 
This additional relationship, together with the conservation 
laws in unsteady problems, determines the intensity of the 
electromagnetic wave emitted, and makes the solution of such 
problems a unique one. There are 1 figure and 3 Soviet 
references. 
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24%.2/20 SUV/179-59-5- 3/41 
AUTHOR: Lyubimov, G.A.- (Moscow } 
———— 
TITLE: Investigation of Stationary Surfaces of Discontinuity with 
a Conductivity Step of a Gas in an Electromagnetic Field y 


PERIODICAL:;Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Mekhanika i mashinostroyeniye, 1959. Nr 5 
pp 9-15 (USSR) aX 


ABSTRACT: Surfaces of discontinuity in ordinary gas dynamics are 
well known, including their structure and stability. 
In magnetic gas dynamics surfaces of discontinuity have 
been studied in an infinitely conducting medium 
(eg Syrovatskiy, S.1. "On the Stability of Shock Waves in 
Magneto-Hydrodynamics"\ Zh ETF, 195%, Nr 6). The present 
work considers stationary surfaces of discontinuity wherein, 
apart from the thermodynamic quantities of flow and 
velocity, the conductivity of the gas also suffers a 
discontinuity. First, the wffect of an electromagnetic 
field on discontinuities is considered generally and it is 
found that surfaces of discontinuity may appear in 
addition to those arising from ordinary gas dynamic laws. 
For example, a discontinuity combining a pressure rise and 
a drop in density is possible. The specific effect of 

Card 1/3 changes in conductivity 1s then analysed. It is ents 
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Investigation of Stationary Surfaces of Discontinuity with a 
Conductivity St+p of a Gas in an Electromagnetic Field 


that not all surfaces of discontinuity which satisfy 

the laws of conservation can be considered as the 

limits of continuous flows with varying conductivity. 
Surfaces of discontinuity with a conductivity step which 
can be considered as limits of continuous flows are either 
density increases with a rise in the magnetic field or 
density reductions with a diminishing magnetic field. 
Taking into account the viscosity and heat conductivity 

of the gas, shows that stationary flows are only possible 
at certain initial values of the parameters. Thus, in 

the flow of an ideal zas containing a surface of 
discontinuity with a conductivity step, an electromagnetic 
wave will propagate ahead of the step which changes the 
initial parameters of the field. Finally, discontinuity 
surfaces with a conductivity step are considered on 

whose fronts energy is released, In the ordinary gas 
dynamics it is not possible to achieve detonation’ 
conditions wherein the velocity of the gas behind the 
detonation wave is larger than the velocity of sound unless 
energy is absorbed at the detonation front. If, however, 
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SUBMITTED; 
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the detonation proceeds in an electromagnetic field and 
the conductivity of the medium has a step at the 
detonation wave front, such conditions are possible at 
certain values of the initial parameters. Examples of 
such detonation waves were given by the author's 

earlier work ("Effect of Electromagnetic Fields on the 
Conditions of Detonation", DAN SSSR, 1959, Vol 126, Nr 3), 
There are 8 figures and 8 Soviet references, 
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KULIKOVSKIV, A.G.; LYUBIMOV, G.A. 


In connection with V.A.Balokon's article "Permanent structure 
of shock waves with Joule dissipation." Zhur .eltap.i 
37 =no.4:1173-1174 0 '59, (MIRA 13:5) 


(Shock waves) (Belokon, V.A.) 


teor.fiz, 
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Lyubimov, CG. A. SOV/20-126-2-18/64 


A Shock Wave With a Discortinuity of tne Conductivity of Gar ts 
an Electromagnetic Field (Udarmaya volna so skach}om proves wasit 
gaza v elektromagnifium pole) 


Doklady Akademii nauk SSSR, 1959, Yol 126, kr 2, op 20°-2e4 (753 

A gas current passing through a strons snock Reve 5 heetal 2 

such temperatures at which the pas is dissociated s.d ionize . 
Under these conditions and in she prese..ce of ar exieival 
electromagnetic field, the gas current behind tne shock weve must 
on no account be assumed to be non-conductive. Therefore, it is 
elso of interest to investigate e@ shock wave wita ¢ discouthiucity 
of gas conductivity on the front of this wave, The survtor lie.e 
investigates a steady shock wave against which toc Past OLY Loa 
nonconductive gas (conductivity 6 39) flovs. Rebhicd the siocn auve 
the conductivity of the gas is assumed to be infinitely ee 6, 200), 


On the basis of these essumptions the relations cn the shock wrve 
(law of conservation for mass, momentum, energy, ard for the 
tangential component of tre electric field have the forz 
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2 2 2 
P; v4 “Fevak Py + P74 -G oo : 2+ PoYo+ de Ho} 


V4 ok c Vg _ Cc pwraee 
P44 Gotha) FEY" BVolg-+ig)- Geog: ByFEQ* - Wo, 
Here i denotes the heat content of the unit of mass of the gas, 
o ~ the velocity of light, and the remaining denotations are 
generally kmown. The given shock wave may also be determined as 
the limiting case of a certain constant steady solution of the 
equations of magnetic hydrodynamics with variable cor.ductivit, (if 
magnetic field strength increases during passage through the scozk 


wave). If there is no electric field in front of the shock wev:, 
the magnetic field also does not penetrate into the domair. beni wd 
the shock wave. In this case a current cf the density is %(? Bey) 


flows on the surface of the shock wave. In the ense al «(vy /C Jy 


(where ks 04/5 holds in the ordinary ges djnamic shock wive with 
the same parameters of the onc ming flow), it follows that Hy = Hos 
i. 6. there is no discontinuity of the magmetic fielc in such : 
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Gas in an Electromagnetic Field 


wave, and the other quantities vary in the same manner es in en 
ordinary shock wave. The Hugoniot adiabatic of the shocx wave 
under oo has the equation 


Safe AL )= FeqHg-B4) (Va-Yy )= Pee ta My (Hy -By) = 0 


where & denotes ae internal energy of the unit of mass of the gas 
and V ~ the specific veolume. With Hy=H, this adiabatic gces over 


into the ordinary wags -adiabatic, and with E470 it has the furm 


En byt SH, 4 ett J=O. Small disturbances with an 


infinite ee Oe ee are impossible. Not only 
expansion discontinuities, but also compression disconticuities with 
a slight increase of pressure are forbidden. In the case of the 
permitted compression discontinuities higher degrees of compression 
are possible than in ordinary shock waves. With increasing pressure 
density behind these discontinuities decreases. As an example, the 
author investigates the steady flow of a gas current round plane 
Card 3/4 contours, which takes place wish supersonic velocity in an external 
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A Shock Wave With a Discontinuity of the Conductivity of SOV/20-126-2~18/64 
Gas in an Electromagnetic Field 


electromagnetic field. In this case the conductivity of the gas 
behind the frontal shock wave becomes high et a very high velocity 
of the oncoming current, and within this range the equations of 
magnetic hydrodynamics must be applied. The problem of steadiness 
is not investigated. There are 2 figures. 
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AUTHOR: Lyubimov, G. A. sov/20-125-3-20/69 

TITLE: The Influence of an Electromagnetic Field on the Development 
of a Detonation (Vliyaniye elektromagnitnogo polya na rezhim 
detonatsii) 


PERIODICAL: Doklady Akademii nauk SSSR, 1959, Vol 126, Nr 7, 
pp 932-553 (USSR) 


ABSTRACT: when solving the problem of the propagation of detonation 
waves of gases in electromagnetic fields, the fact must be 
taken into account that after the passage of the detonation 
wave the gas becomes electricaily conductive. In the introductim 
to the present paper 4 steady detonation wave is investigated, 
and it is assumed that before the detonation wave the 
conductivity of the gas is equal to zero, and behind it, it is 
infinitely great. By basing on these assumptions, the conditions 
prevailing in the detonation wave are described by the system 
of equations (1), and for the adiabatic the equation (2) is 
given. In the first part of the paper & steady detonation 
wave without a field is first dealt with, and it is showr 
that in this case the aforementioned formula for the adiabatic 
cara 1/2 goes over into that of the ordinary adiabatic. Next, the 
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SUBMITTED: 
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process in the case of the existence of a field is investigated, 
and a formula is given for the propagation rate of minor 
disturbances behind the wave, from which it follows that their 
propagation rate behind the wave is higher, so that a decrease 
of density and pressure takes place. In the second part a 
cylindrical detonation wave propagating in a medium of constant 


-* 4 ~ 
density is investigated, and Ey =- ~[3 i, | is assumed to 


hold. The system of equations (3) then describes the motion; 
as is shown by an analysis of tis system, a decrease of 
pressure and density occurs, snl it is impossible in ordinary 
cases to bring about this sort 9f detonation without loss of 
energy. There are 2 Soviet refe-ences. 
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February 5, 1959 
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AUTHOR: Lyubimov, G. A. 


TITLE: The Steady Flow Round a Corner of the Current of an Infinit ly 
Conductive Gas (Statsionarnoye obtekaniye ugla potokom bisko- 
nechno provodyashchego gaza) 


PRaIODICAL: Doklady Akademii nauk SSSR, 1959, Vol 126, Nr 4, 
pp 733 - 735 (USSR) 


By means of the system of ejuations (1), the system cf ejuations 
of magnetic hydrodynanics in the case of an infinitely great 
conductivity of the medium is represented in polar cocrdcinates, 
and in the first part, the solutions of (1) arc given fcr a 
progressive stream and a rotational wave according to Prandti- 
Mayer. For the flow round an infinitely conductive angle there 
are solutions which depend only on the coordinate p; the ex- 
ternal magnetic field must be parallel to the surface of the 
angle. These solutions are developed and written Gown with the 
system of equations (6). For determination of the function 
§(9) the ordinary differential equation (7) is integrated and 
hen Q(9) is sudstituted into (6). Finally, the flow round of a 


non-conductive angle is dealt with. For the solution of this 
problem, the general system of equ-.tions (1) must be calculated 
Card 1/2 and with equation (8) the integral of this system is written 
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down. The results obtained show that, if an i:fisitely con- 
ductive gas flows round an angle, the velucity vis ejual 
to the velocity of sound, sinilar to what is the 4ase in orii- 
nary gas dynamics .There are 1 figure and 2? Soviet referenies, 
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Kulikovskiy, A. G., Lyubimovy-Ge.A.. s0V/20-1 29-3-14/70 


The Simplest Probleme Concerning a Gas-ionizing Shock Wave in 
an Electromagnetic Field 


Doklady Akademii nauk SSSR, 1959) Vol 129, Nr 3, pp 525-528 (USSR) 
If the conductivity of the gas before the shock wave vanishes 
and is finite behind the shock wave, the theorems of 

: 2 2 
conservation Tead: 94%, = 90%» Py * 947, * (1/8)Hy = 

2 

2 2 & ..) 

= Py + 95% + (1/8")Bo» Qyvd-e t+ 44] + (c/4n)E,H, = 
2 
(2 v2 

= 9% * i (c/4n)EHo» B, «B= Hy: The electric 
and the magnetic field strength are, for the purpose of 
simplifying matters, assumed to be parallel to the wave 
front end perpendicular to eacn other. The shock waves 
jonizing a gas may be considered to be the limit of a 


certain continuous motion of a viscous heat-conducting ga8, 
the conductivity © of which is considered to be a known ue 
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funetion of the temperature p (t< TS, o> 0 at ? > T*), This 
as well as other facts w i j 

The solution of problems con 

aiffer from the solutions of the cor problems in 
gasdynamics and magne togasdynami2s. This difference exists not 
only in the electromagnetic wave, put also in the variation 
of the gas-dynamical parameters of the motion, In gas~ 


jonizing shock waves coupregsion is not higher than in gas~ 
dynamic shock waves and not less than in magne togasdynamic 
shock waves which have the same parameters of the incoming 
flow and the same magne tic fiele strength pefore the 

i also the other quantities pehind the ga8- 
jonizing shock wave attain val.es wh ich are between the 
correspanding values behind the gas-dynamic shock wave and @ 
magne togasdynamic shock wave. i. the first part of the 
present paper the problem of tha motion of a plene piston is 
dealt with. In this case the presence of an electromagnetic 
field increases the velocity of the shock wave and reduces the 
compression in it compared to the gasdynamic solution at the 
game piston velocity. The second part deals with the flow 
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round 4 wedge. The velocity component which ig tangential with 
respect to the shock wave Temains conserved during passage through the 
shock wave, and the variations of normal velocity and of the 
other quantities may be dealt with in the same manner ag in the 
first part. A Surface charge must exist on the shock wave, 

There are 2 figures and 3 Soviet references, 
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AUTHORS Kulikovskiy, A- Gy, lyubimor, F: a. (Moscow) 
TITLE: The structure of an inclined nagnetohydrodynasic shock wave 


PERIODICAL: prikladnaya matematika 4 mekhanika, V- 25, no- 1, 1961, 
425-131 . 
The present paper investigates the flow within the zone of the shock 
he dissipation of energy in the wave is caused by magnetic 
viscosity and by the second kinematic viscosity: In the problem of the 
structure of a magnetonydrodynamic shock waves the solutions of the 
equations of the magnet ohydrodynamics of a non-perfect gas are to be 
determined, jues with x= i satisfy the known laws of conserva- 
tion. If on c viscosity and the gecond yiscosity are non- 
vanishing, the equa eteady onedimens ional f20N of a perfect 


gas read vat = aH vy + cb pie pte t gent 


puv — pr Hal = Je pu=M, H,, = const 
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along the X- and y-axis, 
co yelocity of light; J4s 
the momentum, g - the energy flux, 
uote h (2) one obtains 
pail = h(x — hn*) —eé, 

(3). 
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are on both sides of the hyperbola h = e/ («1 - no). The maxima and minima 
of the isoolinal line are on this hyperbola on such points +,-where the 
aigoriminant of n?(et-b’) - 2eh + (2n-1)*° _ 2kPt + 262 9 (6) is equal to 
gero. The j{goclinal line dt/dx e O has the asymptote t + ho/k. With in- 
creasing a the roots of D(t) = Fen) [rene ee nde 2 Cee) [C21 
-2kPt + au(P-1)+1 | changé monotonically. 15 the plane of the variables 


P-i1s a ne + e, and no, there is a curve which separates the domain of i 


existence of the three roots of the discriminant from that of a single 
root with 8, = 0 (a= 1) (see Fig-1s ourve ABCD). The curve BCF 


dllusatrating the equation t= ‘# touches the curve ABCD 
fo the left of ABCF, the discriminant has three roots Wi 
with large & it has one root. For the remaining points 0 


P-1)ho, the discriminant, with small and large % has three roots, but 


with intermediary values of a; jt has one single root. Case a): In the 
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case of points lying gimultaneously pelow the straight line t, * no / and 
ne / = 1, two roots of the discriminant are greater than ne/k, and one is 
smaller than ne/k. Case bd): In all other casé68 with three roota, one root 
is greater than ne/ i, and the two others are smaller. These properties 


permit the construction of the jgoclinal line. For points above the 


straight line * * ho, the velocity is greater than Alfvén velocity 


a, * H/ V4"eos and for points pelow this straight line it is smaller than 


Alfvén velocity. To the states pefore and behind the shock wave there 
correspond the po i ection of the jsoclinal lines (6) and (8). 
To the solution 0 tructure of the shock wave; there 
corresponds the integr (9) 
P n?(et-he) - 2eh + (2-1) 0° ~ 2kPt + 2é 
= De ee , which connects the singular 


axt [h(t - ne) -e| 
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points lying in the region t7 Oo. With continually decreasing velocity, the 
following singular points are possible: 1) Nodes, 2) saddle, 3) saddle, 
4) nodes, into which the integral curves lead. If the curves (6) 


n2(ca-h2) -Zehe (2K-1) + -2ePtH2E _ o have the shape indicated in Figs-? eres 


then all singular points lie on the same branch of the curve (6). In : 
Figs. 5 and 7 p/8,¥p je either small or largey respectively: In Fig.6, the 


single value of 1/2 Ym! at which the integral curve emerging from point 2 
runs into point 3, corresponds to the value of (ule ?me' The fast and 


the slow waves thus have 4 structure with’an arbitrary ratio of dissipative 
coefficients. In four singular points tae structure may also have inter- 
mediary shock waves. The transition 2—3 is possible only in the case of 


= “_\ , the transitions 4—>3, and Q—»4, exist and are unique with 


Qo” mi, 
Le 


/ 


’ 


} , and the transition 1-74 is possible with rina pes 


aes eres > - 
Rom \8o”m}, o’m = \So’m/_ 
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and may also occur on an infinite number of integral curves. The structure 
of the "evolution" shock waves (in the sense of A. I. Akhiyezer et al.) 
aiffers from the structure of the non-evolution shock weves vy the fact 
that only they have @ structure at any ratio between the dissipative 
coefficients. A. N. YVoynov is mentioned. There are 7 figures and 

4 references: 2 Soviet-bloc and 3 non-Soviet-bloc. 
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AUTHOR: Tyubimmov, GA. (Moscow) 


ere recta 
TITLE: whe structure of magneto fluid dynaie shock vever 
in a gas with anisotropic conductivity 


PERIODICAL: Prikladnaya matematika i mekhanika, v. 25, no. 2, 
1961, 179 - 186 


flowing in a m jne- 
MEXT: For a gas with anisotropic conductivity nen 
tie fiold Ohick runt he wide enourh to allow for * orton movenent 
of cleetrons the Loljowine will aoplys 


wt } (w = a) (1) 


£ cluc- 

~ Larnor's frequency; t - time between collisions o 

pa pe dona. If Eq. (1) is to hold true for the ionization of 

‘gas, Ohm's law must be satisfied according to T. Kautling (Ief. 1: 
Macnitnaya gidrodinamika, Izd. inostr. lit., 1959). 


Ar 
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a 1 1 Wt . 
o( + ra el Mas re grad P,) =j+ydi° 1 (2) 


where o - conductivity in the absence of magnetic field; p, - 


reus of clectrons; n - number of electrons in unit volume; c - 
oBeatrons char;'c. lence one can assume hydrodynemic cordit'tors 
wit. in the cas. To investiy..te the strneture of the shock wove ae 


eoecunes thet it occupies a narrow zone in the current ficl’. Tn 
this zouc, the para.eters of the current chunce slowly. fe tte 


vave dics away the current becones steady. It is assumed that in 
tho core of the wave, only dissipation energy of electric current 
ie of any importance. The x-axis is taken at right angles.to the 
normal of a wave's surface and the y and z lie in the wave's line. 
feat for the core of the wave (Maxwell's equations being satis- 


fied) the dimensionless condition 
= ulu*, VvVe= uv" Weta ae utp = OU e (5) C 


0 
H, = \/are.u.ch, (4 = x ) 
a Poo My = Xr Yo 2 
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holds, where 8 - temperature, h,; ~ 


1 


the vector of magnetic field 


fined]. Before the shock-wave 


holds. {Abstractor's note: J 


ing and eliminating gives 


+. (y+ Ayu? = yu (hye bak ee 


sy —2 (7 _ IyJshghy & : a. 


where asterisks denote dimension:cs 


U and H are known to be 


gives the curve for the structure of 
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(6) 


not defined]. Simplify- 


(10) 
{ye 0 


and the vectors 
Eq. 
If h, = 0, (10) 


a magneto-hydrodynamic shock- 
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i t or i me j i i ficien or 
so ro i . ere dissipation co f: 


i 


hy dja? yeh tihtht = yw (11) 
; - a Seale 2 = 0 
Lot ehidy =" ty iad; tye Ae 


i ar 
face expressed by Eq. (10) is found along the perpendicul 
urfac : ae 
aie whose center lie on the hypertola 


(y - ai: 


se (12) 


yor - 207 - 
In the case x = + Ws, 


2 
(ut - 2h, )(a*h b, 


2\/- 
(u*¥ = 2h, y(n 
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From the above statements one may determine that in the vicinity 
of u*, By» ho» corresponding to conditions before and after the 


wave, must lie intersections of the surface expressed in (10) and 
hyperbolic cylinders Eq. (13) and Eq. (14). Also Eqs. (13) and (14) 
lie on the hyperbola 
ae as J.* = 
(u* 2h, ) hy a, Jo ) (15) 


which lies in the plane h, = 0. Therefore it is seen that a point 


after and before the wave-lies in the plane n, = 0 and occurs at 


the points of intersection of the curves (11) and (15). The inter- 
sections of curves (11) and (15) depend on parameters pefore and 
after the shockwave. Investigating local properties of intersec- 
tion points of the curves (11) and (15) one assumes that u* = 1, 
h =h 0? h, = 0. This may be obtained by scaling down coordinates 


of the axis. Individual points of intersection may be distinguished 
py considering the discriminant D, AC 
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a : Diy? = : 
D =[— pista: +t — ment + (t= 2h [Tg 2h,t)| x 
2h 1 — 2h,* 
hunt é : uc 
X (1+ thy!) = Gg t tS 2h,3) hyo [75 - | 


If D> 0, then the point isa node if 


2 
2h 62 1- 2h," 


1 - 78, | h 


yo 
is satisfied, and a saddle-point if , 
2h Iie 2a 


. oa nana | 


penne A: See 5 (20) 
1 - 78, yo MN 


11 no- 
<a focus. In the case of rapid waves a . 
Bias BO tial, and in the case of slow waves the inte 
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gral curves always pass through nodes and foci. The author conclu- 
des that the current in the internal zone depends primarily on the 
epiral flow of electrons and on the wave jv. elf (fast or slow). 
Inside the wave, vectors of intensity of a magnetic field may 
change over if there is a large spiral flow of electrons. This 
movement does not follow the rotation of vector H around one x- 
axis. If the spiral flow of electrons tends to zero (a* — 0) then 
the shock wave changes to an ordinary magneto-—fluid dynamic shock- 
wave. Beyond the amplitude of the shockwave, if it is strong, 
there may exist a region where magnetic field is the same as in 
the front of the shock wave. Ir this is 30, with wtewl, becomes 
Vigo t oa 


(| @t)~ (1 ++ w?t?) 


¢c 
ANSUy 


ANGUg 


or with wt 1 paler tees A4 0H? Fag 
Anoug 
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Hence the amplitude of the magne to-fluid-dynamic shockwave in an 
isotropic gas is greater than an ordinary magneto-fluid-dynamic 
wave, and, therefore, for large spiral flow of electrons (wt- 1), 
the amplitude of the shockwave in an isotropic gas conforms with 
Larmor's radius for ions 


2 1 5 
ee — Hf cH tug, 
Incu, °° ~ Amugal ~ GxpuglH Ry 


In this case energy of the magnetic field is equal to the 
vinematic energy (H°/ax ~ ue). Projecting Eq. (2) on the 
gives a oN en oat _ 

wt d { dp, 


ee HE M2) = SoH, — why) + ge ae + OF (24) 


This equality can be used in determining BE, (x) when p, is 


If the random velocities of ions and elestrons are of the 
der and are expressed in whole numbers, then 2 p, = P (P} 
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= 4% determines the dens 
With B(x) known, equality dB /dx 42RD, 


figures and 
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AUTHORS: Buranov, V.B., and Lyubimov, G.A. (Moscow) 


ee 


ee, 


TITLE: Generalized Ohm's law in a completely ionized gas 


PERIODICAL: Akademiya nauk SSR. Otdeleniye tekhnicheskikh nauk. 
prikladnaya matematika i mekhanika, v. 25, no» 3, 
1961, 468 - 472 


TEXT: In deriving equations of motion of fully ionized gas and re- 
lations connecting current density witn other parameters, the con- 
ry (electron-ion) mixture is used. Here the problem 
that of the influence of viscosity of the components 

urr .t density of generalized Ohm's law 
teria are given which influence the final 


The gas is assu 
dons and their number 
tion for each component are 
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dV, es \ 
mn it -s — Vp. -- diva, — enl(E too [Ve A H}) + R, 
i 5 


dy , j 

‘ieee | ct : > ww ' 

i eee peer The ere sae ee HI) : R 

myn Spe div rn(E booive x AP) 
d 7) a dh a ie 
SO ae Nte ave Oe is 
dl we dt al 


where Mos m = mass of the electron and iron respectively (nm, m, ) 


Vor VS macroscopic velocities; Por Py = partial pressures; 


“@? 
j = tensors of viscous stresses for the electron and ion gas re- 


spectively, e = electron charge, it and H = intensities of electric 
and imagnetic fields, and Ky = - R,- If also m, Vv 2. om. v 


dé p. - 
ex i ‘ix ' ‘e 
ot Dy F 1/2 p, then 


Lov, 
en [ -- i 
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jo —eatvee —%) (3) 


‘where oO = conductivity of the gas in the absence of magnetic field 


j = current density, ™, 


sions. If in addition mV, > Vv 


m 
e e 
dn 


—- time between two electron-ion eclli- 


af aes 
wage Voots oon j, then 


together with the continuing q¢ t n div v = 0 


t 


a + j div v + (j V)¥ - Cra) 


is cbtained. It is assumed that ch 
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Generalized Ohm's law in @ eee 
Tie When the electromagnetic field influences the motion and vis- 
cous forces are present, 


: (6) 


ho mm, VL (i = 0.96nTT, ) 


where V, L = characteristic velocity and ength associated witn 
From Ease (5)» (6) the following ex- 


yh weve or 


~— = temperature. 


the problem. 
nea for the terms of 


pressions are obtai 
Pe . cam Vv 
A, = jdive ~(J JY~ -yaiit 
nin Veen Ve qs 


— (i Pcs es =f mS 
A, = (JV) 7, UfhenLHL en oF 
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where ‘2 = characteristic frequency and all the terms of iq. (4) are 
expressed in dimensionless parameters se Jw, and wt + The final 


form of Ohm's law will depend on those parameters, and the follow- 
ing cases are considered: 1) i/o; - ly Wote=> 1s 2) a: /us 1 
52 fa, die WoT 1; 4) £2 fw, — ii, WoT ~ 1; 5)../ 


—1; 6) -/w, —1, at, 13 7) 52/0; Pp ie. 


— 1; 9) s/w, eae oa Pea ~-1. The result 
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AUTHOR: Lyubimov, G.A. (Moscow) 


TITLE: On the form of Uhm's law in magne to-hydrodynamics 
PERIODICAL: Prikladnaya matematika i mekhanika, V- 25, NO» 4, 
1961, 611-622 


TEXT: A generalized form of Ohm's law is derived for 3 quasi-neu- 
tral medium consisting of electrons, ious and neutral atoms, in the 
presence of a space charge fPe- The Limits of applicability of the 
obtained relationships are discussed, as well as the possible use 
(in conerete cases) of various forms of Uhm's law. Basic equations 
of the motion of the medium are then discussed, consist:ng of elec- 
trons, ions and neutral atoms. A very simple model is considered, 
in which the electrons, ions and neutral atoms arc ideal gases. 

The degree of ionization js defined as % 70 - Ot Re) (Let) 
nis the number of ions and n, that of neutral atoms. Fanulas are 
given for the jressure PD, the momentum J, velocity v, aud Lor the 
motion of electron- and ion gases respectively. The equation of 
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motion of the gas mixture is 


mj (n + Na) w 2..= gvad poe n'eE - a inven) At vj] *H (1.8) 
where mj is the ion mass, N tnt is the number of electrons; formula 


j > Fo eK we Cre ete ee Oe OE Ve) + 
k 
+ ne(v + vj) = - NeVe - nie (v + Vy) 


was used which defines the current density, and nic n. The deriva- 
tion of the generalized Ohm law is then looked at. 4 number of 


assumptions are made TT » max fey te Fa) 


vi K Vix WVi * Vol & Vox: Iv - val < Vax (2.1) 


where T is the characteristic time, related to the characteristic 
dimension (length) L and the characteristic weLroc ity U,; by U.= L/T; 
Vix» Yexr Vax are the random velocities of ions, electrons, and neu- 
tral atoms, respectively; = “By, ha ee the collision times bet- 
ween electrons and ions, electrons and atoms, and ions and atoms, 
respectively. The notations are introduced: 
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j= - neve - n'e(v + vi), Ji F nevi 


eas SMS yal, “Le 3 1 = CMe + erl, ey 
oe W ell 
é cies of Slecrreneie and i 
where ©, and®j; are the Lermor ‘frequen 


d Uhm Lav is obtained: 
Finally the Bene ca fa ead p = orad arp = ne( E+ = —Vv x H\~ 


Ki me! aes 


+(1-24-o 8 -e eS His 1 jx H+ Bon’eE — 


F 
ail= Me MH fae eck spies 
(8+ aime) nN 1% _( i) 
pps Ba] Egenen — bata eer? 
— grad (pp + Ix H+! =2 jx Hx H— (1 — 0) n'ek x Wy = 


aay Ta, lsuadip— ead es a 
n 


+ (j + n’ev) 2 (x, Bale + 
(3 = 
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: Z Simplifying assump" = Pied 
, . d gases). oimp a ee y rarefkles 
eae De ainplce oe eis of the law. or not highly 
n eac ie if 2 : : 
Dace and moderate ea ed jen + x+¥e Wy (4 - Pev) - 
otk + a ——— 
(B+2V i Cc cc e 4 
- grad Pe - "6 Cy Ae te (2.12) 
ae H+ kh jx UxH + Poh Hy 0 
Gee 7 > Aa ares -p* c J 
— “Hey | a+b eee 
reer ‘onized gas: : z . aE 
For a completely eae vine + ef yeu + a C3 ~ Pev J 
- grad Pe - 72 (E + 2 C 


e the terms in 
ae Ba eeey a of the feneral- 
ete problems, ° na ee S genera 
i oe. 12) ‘are negligi» ! gore G8 Ee ring 
i ze w can be used. relative eae 
nee 52) is evaluated. it 18 found ve ence 
of these terns is determined by the va £ 
or s a : : 
‘sionless parameters: 


a 


j yigeayrl 2.19) 
1-6 @ 2) > 2h ~ XML, L fe (Wet*) (2.19) 
Oot) Zo “Xi aT a 
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which are related to the physical properties of the medium and to 
the specific conditions of the problem; $2 is the characteristic 
frequency; * is defined by as 3 L 

i ag To C3, 31) 
The values of each of these parameters are discussed for various 
conditions of pressure, temperature, strength of magnetic field, 
etc; this leads to conclusions regarding the value of the various 
terms of Bq. (2.12) and their possible neglecting. Thus e.g. the 
parameter ee -~ a)/jt;/T which cetermines the relative magnitude 
of the terms (o/c) v * H and c~L jxHXH, can (by virtue of Eq. (2.D 
be comparable to unity in case of a very gmall degree of ionization 
only; o is the conductivity. It is noted that the above evaluation j 
was carried out for quantities L, U and T which are the same for all 
mechanical and electromagnetic magnitudes; hence these estimates 
cannot be used for all problems, but other, analogous, estimates 
can be made. There are 9 references: 5 Soviet-bloc and 4 non-Soviet- 
bloc. The references to the English-language publications read as 
follows: *. Kihara, Macroscopic Foundation of Plasma Dynamics. J, 
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Kulikovskiy, Andrey Gennadiyevich, and Grigoriy Aleksandrovich 
Lyubimov 


mae nee apa erage (Magnetohydrodynamics‘ Moscow, Fizmatgiz, 
p. 7500 copies printed. 


Ed.: V. P. Korobeynikov; Tech. Ed.: K. F. Brudno. 


PURPOSE: This book is intended for persons working in the field of 
magnetohydrodynamics,. 


COVERAGE: The book contains systematized basic principles of mag- 
netohydrodynamics, presents relationships resulting from inter- 
action of a conducting medium with an electromagnetic field, and 
investigates the possibility of obtaining exact solutions for 
magnetohydrodynamic equations. The author thanks M. N. Kogan and 
V. P. Korobeynikov for their advice. There are 134 references, 
about two-thirds of them Soviet. 
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rot E = QO, div E = 49p, (2) 


The boundary layer problem must then be generally solved together 
with the external problem. The author introduces some simplifica- 
tions into Eq. (2) and formulates the boundary conditions for the 
external problem in such a way that the boundary layer protlem may 
.be solved independently. Systems of equations for the boundary 
layer are deduced for the case when the magnetic Reynolds number 
Raz! is smaller or approximately equal to 1. The equations of the 


external problem are formulated separately for the cases R_. ¢1 and 
Riv 4 : . aay dee Z mL 
mL » A Simple example is given. Fite references u 
VN. Lhiguley, 
ASSOCIATION: MGU 
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AUTHCR: Lyvubimov, GA. (Moscow) 
J 


TITLE: apne tohydrodynamic boundary layer in a medium having 
anisotropic conductivity for small magnetic Reyne ddte 
numbers 


PERIODICAL: Prikladnaya matematika i mekhanika, v. 26, no. 5, 
1077 ~ 1086 


TEXT: General formulation of the problem is given and annliesd 
the boundary layer on a semi-infinite plate, assuming that 
eo 
op (1 + wet’) 
and that the magnetic field 158 homogeneous and perpendicuiar 
plate. The final system of equations is 
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= = wt, 
fe) ~ 2 9 
oy R oy 
The last equation in it is reduced to an ordinary diflerern+s+, 
tion by putting = y VW(R/7x) ana 


1 = wtx VY (%) oa 
Y was found by numericr] intesration. The deceleration -f 
the x axis decreagesg with increasing WT. The 
has a maximum at wt = 1 ana tends to O for yr — 0 
cients of longi 
terms of the fi 
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HOR: Lyubimov, G. A. (Moscow) 


"TITLE: Electric potential changes near the walls of a channel during the motion 
of ionized gas in a magnetic field 


SOURCE: Zhurnal prikl. mekhaniki i tekhn, fiziki, no. 5, 1763, 2h-3h 


TOPIC TAGS: ionized gas electric potential, moving gas electric potential, 
electric potential near wall, magnetic field, ionized gas, ionized gas in magnetic 
field, moving ionized gas 


ABSTRACT: The flow of a conducting viscous fluid ina plane channel is considered 
with constant velocity U and transverse, constant magnetic field H, For cold walls 
the conductivity is assumed to be a function of temperature across the channel 

and the magnitude of the wall potentials 9 is derived for small currents, in a 
boundary layer with a straight line velocity profile, using Ohm's law and assuming 
Ry << 1. The channel walls are then assumed to be hot electrodes, and the magni- 


tude of each electron sheath is studied under an electric field E, including the 
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Schottky effect on thermionic emission greater or less than the random electron 
plasma currents, Next, an external load of finite resistivity is applied, and 
expressions for the current densities at each electrode derived. The potential 
drop across the channel is then determined from 


TR 4) i a8 — 9.0 TI) 49-U T+ 0. o_ 


where 6 indicates work functions of each electrode and 9? » the sheath potentials. 


The first term on the right represents the induced field. This equation shows that 
in order to evaluate the carrent-voltage characteristics one should determine the 
sheath potentials in terms of the various plasma parameters, Orig. art. has: 29 
formulas and 11 figures. 
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AUTHOR: Baranov, V. B. (Moscow); Kulikovskiy, A. G.(Moscow); Lyubimov, G. A.. 
(Moscow) 


TITLE: The boundary layer on a flat plate in anisotropic magnetohydro- 
dynanics 


SOURCE: AN SSSR. tzv. Otd. tekh. nauk. Hekhanika | mashinostroyeniye, no. l, 
1964, 141-142 


TCPIC TAGS: flat plate, boundary lay2r, boundary layer condition, 


thermal boundary layer, Brtingshausen effect, aerodynamics. 


ABSTRACT: Expanding the subject of a previous report (Baranov, V. B., Izv, AN 
$SSR, OTN, Mekhanika | mashinostroyeniye, 1962, No. 6), the authors consider dis- 
turbances to an external flow caused by a boundary layer to show that temperature 
at the latter's boundary can ta considered fixed despite the presence of the Ettings~- 
hausen etfect. Further, it Is shown that the Inequality M .<<R (where M is 
Hartman's number, R is Reynold's number, as related to the characteristic length 
1 along the plate) can be diminished and the form M GR can be used for the 

- bx stgqce of the Blasius velocity profile. The thermal boundary layer Is 
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AUTHOR: Lyubimov, G. A. (Koscow) 


TITLE: Some problema in theory of potential change through sheath 
SOURCE: Zhurnal prikladnoy mekhaniki i tekhnicheskoy fiziki, no, 4, 1964, 10-15 


TOPIC TAGS: plasma sheath, electron ion plasma, seeded Plasma, thermionic 
emission, debye longth 


ABSTRACT: The author attempted to refine his previous theory on electric sheath 
formation (Prielektrodny "ye sloli lumeneniya potentsiala pri propouskanii slabogo 
tokn cherez jonizovanny*y gaz, PMIF, 1963, No. 6) by including in his analysis 
such effects as collision jonization of atoms by electrons and acceleration of 
nioctrons in shoath layers. The model consists of a thermionically enitting 
surface, a Debye length much smalier than the eloctron mean froe path, and a 
iinear potential drop E = £/d, The current balance equation between amittad 
electrons J, , plasma electrons J, Plasma ions Jy, and collision jon.zed atoms 


:4° ia given by 
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For a potential change in the sheath greater than the ionization potential Uy 
of the seed material added to the gas, the value of J,* can be given by 
i 7, wf. m2 Q, = a,Q ; 
- OS ONG Fy Ct (= On) + rete, (*. — V4) } 
we Cy = 0 at eu, C.=0 at.e<u, 
{ 
t 


Q- electron-atom collision cross section. 
at . 50condary electron emission by ions bombard 


Y= a Are 


. 7 a 
To this is added the current duo to 
ing the cathode surface, given by 


» leading to the final expression for j given by 


j= jnoxp (“3° VEL + e+ fat) +(4 + ta) jo* — jp oxp {— 1150 | 


ta collected in argon at T = 2200K 
and one atm pressure with additions of potassium seed indicated a considerably 


better agreement with experimental data than for analysis done without: considering 
collisional ionization, Orig. art. has: 16 formas and 1 figure, 
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TITLE: Magnetohydtedynamic boundary layer 


: = SOURCE: . Magnitnaya gidrodinamika, no. 3, 1965, 3-20 
"TOPIC. TAGS: magnetohydrodynamic theory, magnetohydrodynamic boundary layer 


_ ABSTRACT: | A review of selected published work on the theory of the laminar magneto~ 
hydrodynamic boundary layer is presented for the cases where the magnetic Reynold's 
number, R,, is less than unity, and the Reynold's number, R, is much larger than 
unity: BD. LD Rye These cases are of interest in many theoretical and experimental 
|. problems. ‘Attention is directed to the mathematical and physical fundamentals of the 
| ‘problems, with emphasis upon qualitative considerations. A list of some 54 references 
| Serves aS a source of quantitative data and as a reference board for several quanti- 

tative discussions of the author. Consideration starts with a review of the physical 
.|,-and mathematical consequences of imposing suitable Limiting conditions on the problen 
~ parameters, Estimates of the boundary Layer thickness and of magnetic field changes 
across the boundary layer lead to certain clarifications; for instance, to a recogni- 
tion of conditions for external problem dominance via its influence upon magnetic 
field in the boundary layer (internal problem) equations, These general considera- 
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ve “tions lead to a systen of equations for the visccus magnetohydrodynamic beware 
er in the case where <1. In the simplest case, that of an cacamin eR aire 
ting weakly ionized fluid, the equations (with detailed notations available in the 
cited literature) are: 
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The: ‘arbitcary. ‘furictions in the equations (1) of the internal problem (p; B; E and j),.: 

oP are. determined by. the ‘Solution of the external problem, Equations, for an envirorment 
With an anisotropy: of: ‘electrical conductivity, and equations for the ‘case of strong 

| donization are- ‘available. ‘inthe cited literature, The imposition of further parameter 
‘restrictions. CecZe2" Ba 0; or B = const. everywhere) - lead to additional decisive sin- 

” plification: ‘of the ‘external problem, The corresponding internal problem, defined by 

“| the’ boundary. layer ‘equations, can then be considered as an efficient point of departu- 


| re: for a review of basic boundary. layer problem solutions. The author's review starts 


fron. this basic point and includes many papers. Among his comments are those on the 

= discovery. of» a decrease in. friction and in heat exchange with an increase in the mag- 
cbenetic fields and on thé appearance of nonmonotonous velocity profiles. Research on the 
‘| anisotropic and: highly ‘ionized cases-is also reviewed, The author concludes that the 

| existing studies: of the’ magnetohydrodynamic viscous boundary layer refer, as a rule, to 
-|. specific Segregated problems and are aimed at quick qualitative answers, It is thus 

‘| clear that: the systematic investigation of the overall problem belongs still to the 

| future. Por instance, an approach to the magnetohydrodynamics of the boundary layer in 
“| the case of. ‘highly ionized envicorment and absence of plasma thermal equilibrium still 
“| needs the construction. of a basic systen of equations, Considerations for the advance- 
“;| ment of. magne tohydrodynamic pommlary tayee research, are contributed. Orig. art, has 
[4s. figs., 12 coments 
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. skoy fiziki, no. 4, 1965, 45-53 
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OPIC TAGS: ionized gas, electrode, boundary layer plasma 
ABSTRACT: A semi-empirical theory of the properties of ionized gas near hot electrode 
_ Surfaces is constructed. Several models are considered for which current density, par- 
fticle velocity distribution and the Poisson equation yield the electric field near the 
boundary layer thickness and current densities. The appropriate conditions 


: discussed under the assumption of equilibrium and the vol 
2° plotted. : 5 


ce not all parameters re- 
Orig. art. has: 5 figures, 21 
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"temperature ipehdsenet: Mawel) equation, current £ denatey, electrode,’ 
ducting gas , boundary layer flow, electric field, fluid flow, electric oe 
; conductive. fluid 2), 44 S a 
’ . The effect of the axial electric field in the core of a fluid stream 
‘Gharacterized by temperature-dependent electrical conductivity is invustigated. In: 43 
contrast to the results of cther authors, it was found that cold electtredes in con-/: 
tact with the conducting gas cause a significant decrease of conduc ctivity in the 
‘outermost regions. This phenomenon leads to the development of potent:ial differenc 
‘es with amplitudes comparable to those of the applied field «cross tha stream. To 
‘account for this effect, Maxwell's. and Ohm's equations are solved for the associat- 
‘ed current densities. Ie is shown that the resulting currents induce Joule heating | a 
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TITLS: Averaging of magnetohydrodynamic flows and the applicability of a hydraulic 
approximation for the calculation of magnotohydrodynamic flows through chanrels 
; . ; 
SOURCE: AN SSSR. Izvestiyae Mekhanika zhidkosti i gaza, no. 3, 1%6, 3-11 
GS: magnetohydrodynamics, nonuniform flow 


ASSTACT: Ag engineers are beginning to use the netnods of 
Grauiic calculations for the design 


dynaaic devices (using the analys 


ny~ 
of definite magne conydro- 
is of overall characteristics 


ike the efficiency, power at the exte supplied 
oy hydraulic calculations), investi- 
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tnat the nonuniformity of magnetohydrodynamic flows is much stronger 
tnan in gas dynamic currents because of the nonuniformity of the 
, force and thermal interactions of currents within the flows. ‘These 
' increased nonuniformities lead, in turn, to even larger fluctua- 
tions in the results of hydraulic calculations, and the author 
, concludes that there is a definite need for the development of 
' hydraulic calculational methods based on nonwmiform (4n the hydro- 
, dynamic and electrodynamic sense) canonical flows. Such an 
approach appears in many cases as the only one applicable for i 
' practical design of nagnetohydrodynamic equipment. Orig. art. has; ~ 
, 3 figures and 2 formas. LSPRS: 3775.7 | 
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Translation from: Referativnyy zhurnal, Mekhan:ka, 1957, 


AUTHORS: Pochtovik,G. Ya., Lyubimov,G. D., Likverman,A. I. 


TITLE: Investigation of the Strength, Rigidity, and Crack Resistaice of 
Reinforced-concrete Structures Based on ''Keramzit" Clayey 
Filler Gravel (Issledovaniye prochnosti, zhestkosti i treshchi- 
noustoychivost! zhelezobetonnykh konstruktsty na keramzi.ovom 
gravii) 


PERIODICAL; Tr. Mosk. avtomob.-dor. in-ta. 1956, Nr 18, pp 231-240 


ABSTRACT: Bibliographic entry 
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AUTHORS: Lyubimov, G. P. , khnoxhlov, EK. V. 


TITLE: On the Polarization of a Mclecular Beam by an Alternating F 
With Changin Amplitude and Phase (G@ polyarizatsii molenu.ys 
puchka peremennym polen s izmenyayusnchislsya aapiitutcy see 


PERIODICAL: Zhurnal Eksperijuental'noy i Peoretichnesxoy Fiaszi, 7-2 
Nr 6, pp. 1396 - 1402 (USSR) 


ABSTRACT: The principle upon whicvh the operation of a mclecular 
p Pr v 
pased consists in the fact that the molecule flying 


resonator enters into interaction with its electric 


occasion the excited nolecule will pass its exces. anergy 
the resonator. For the analysis of all possiole, stutle, 
oscillations it is necessary to determine the ,;olarizat: 
beam if this beam ia subjected to the action of «an 
field with changin, amplitude and phase. 
The paper contains the following chapters: 
i Derivation of the initial equation 
2,) Discussion of the case in which tne phase ul the 
is constant 
Card 1/2 Discussion of the case in whicn the aiplitude a i Tre juency 


APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031210008-5" 


